INTRODUCTION
In tropical regions, beef cattle production occurs predominantly in areas where pasture is the only forage source. Therefore, cattle availability in these regions is subject to the seasonality of pasture production, with a substantial reduction in animal supply during the dry season. In this scenario, retaining growing and finishing cattle in dry feedlots instead of pasture would increase production efficiency by reducing the length of the production cycle and the cost of animal maintenance. However, keeping cattle in a dry feedlot setting requires heavy investments in forage production and conservation.
In tropical regions, there is a need to identify legume species that 1) are adapted to tropical climates; 2) exhibit a nutritional value comparable to other high efficiency feeds being used in the tropics, such as corn and sorghum silage; and 3) are competitive with the low cost of sugarcane. The leguminous crop Stylosanthes cv. Campo Grande (ES) has been developed in Brazil (Fernandes et al., 2005 ABSTRACT: It was hypothesized that Stylosanthes cv. Campo Grande (ES) silage could be used as the single source of dietary forage for beef cattle and that performance on ES would be similar to corn silage (CS) at a 50:50 forage:concentrate. The objectives of this study were to evaluate intake, total and partial digestibility of nutrients, ruminal pH, ruminal ammonia, and productive performance in growing beef cattle fed diets with varying proportions of ES silage replacing CS. Treatments consisted of diets with ratios of 0:100, 25:75, 50:50, 75:25, and 100:0% ES:CS. Two experiments were conducted simultaneously. In the first experiment, 10 crossbred Holstein-Zebu bulls with an average initial weight of 272 ± 86 kg were used. The bulls were rumen and abomasums fistulated. An experimental design of two 5 × 5 Latin squares (Exp. 1) was used. The second experiment used 40 Nellore bulls with an average BW of 386 ± 30 kg in a completely randomized design (Exp. 2). Results showed a linear increase in CP intake (P < 0.05) in response to increased dietary ES. An increase in the proportion of ES in the diet had a negative linear effect on TDN. Apparent ruminal digestibility of CP increased linearly, and apparent intestinal digestibility of nonfibrous carbohydrates increased with the addition of ES to the diet (P < 0.05). Intestinal digestibility of DM exhibited a quadratic response (P < 0.05). Nitrogen balance, excretion of urinary urea, and plasma urea nitrogen did not respond to the inclusion of ES in the diet (P > 0.05). There was also no effect (P > 0.05) of ES inclusion on animal performance. Ruminal pH was not affected by an increased proportion of ES in the diet (P > 0.05), but ruminal pH was affected (P < 0.05) by the time of collection, for which a cubic model fit the data. There was an interaction (P < 0.05) between treatment and collection time for ruminal ammonia nitrogen concentration. It can be concluded that ES silage can be used as a source of roughage in the diet of beef cattle during the growing and finishing phases at a proportion of 50% of DM in the total diet. Therefore, ES silage is a promising alternative dietary ingredient and the use of this alternative source of silage will depend on availability and economic factors.
2 species, Stylosanthes macrocephala and Stylosanthes capitata, and has the potential to be adopted in regions with a minimum rainfall of 700 mm and a maximum of 1,800 mm and high humidity and high temperatures throughout the year. Such climatic conditions are not tolerated by the majority of leguminous forage crops used in temperate regions, such as alfalfa (Medicago sativa L.), which is the most common leguminous forage crop in the United States. It was hypothesized that ES silage could be used as the single source of forage in the diets of beef cattle kept in confinement and that the use of ES in the diet at a 50:50 roughage:concentrate would result in cattle performance similar to that obtained using a corn silage (CS) diet. Intake, partial and total digestibility of nutrients, ruminal pH, ruminal ammonia, and animal performance were determined for growing beef cattle fed with diets containing different levels of ES as a substitute for CS.
MATERIALS AND METHODS

Location and Climate
The study was conducted at the Triângulo Mineiro Center for Experimentation, Research and Outreach (Central de Experimentação, Pesquisa e Extensão Triângulo Mineiro [CEPET]) belonging to the Federal University of Viçosa (Universidade Federal de Viçosa [UFV]), Minas Gerais State, Brazil. The CEPET has an average altitude of 620.2 m and is located at 18.41° south in latitude and 49.34° west in longitude. According to the Köppen classification, the area falls into the climate type Aw, which is a hot and humid climate with temperatures above 18°C during the coldest month, an average annual rainfall between 1,400 and 1,600 mm, and a rainy season in the summer and a dry season in the winter. The soil is classified as Red Latosol (Oxisol).
Planting, Harvesting, and Ensiling of Stylosanthes cv. Campo Grande and Corn
A ES crop was planted in November 2009 in a 6-ha area using a seeder (Semeato, Passo Fundo, RS, Brazil) at a rate of 3 kg/ha. To encourage growth, a fertilizer mix of 20-0-20 (N-P-K) was applied at 300 kg/ha. The crop was harvested approximately 120 d after sowing, and the harvested material was shredded into fragments approximately 3 cm in diameter using a JF-92 Z10 forage harvester (JF Agricultural Machinery, Itapira SP, Brazil) fitted with a model FAHARA-100 (JF Agricultural Machinery) harvesting platform and ensiled in 2 surface silos. During the ensiling process, Sill All C4 bacterial inoculant (Alltech, São Paulo, Brazil) was applied using a 20-L capacity backpack sprayer at the manufacturer's recommended dosage. The following ingredients were guaranteed to be in the microbial inoculant: Lactobacillus plantarum (10 billion cfu/g), Pediococcus acidilactici (1 billion cfu/g), Enterococcus faecium (10 billion cfu/g), a basic mix of hemicellulolytic and cellulolytic enzymes, and 80% dextrose. A corn crop (AG 1051) was sown in a 5 ha area using a SHM M13 seeder (Semeato, Passo Fundo RS, Brazil). The corn was harvested when kernels reached the hard-starch stage and was stored in surface silos.
Experimental Diets
Treatments consisted of diets containing 0:100, 25:75, 50:50, 75:25, and 100:0% ES:CS silage. The diets were formulated for a daily gain of 1.2 kg according to BR-Corte, the Brazilian system of nutrient requirements for Nellore and crossbred cattle (Valadares Filho et al., 2010) , using roughage:concentrate of 50:50 DM. The proportion of concentrate ingredients was 868.5 g/ kg of ground corn, 104.0 g/kg of soybean meal, and 27.5 g/kg of mineral mix (600.5 g/kg limestone, 194.8 g/kg dicalcium phosphate, 179.7 g/kg salt, 5.6 g/kg copper sulfate, 0.4 g/kg cobalt sulfate, 18.8 g/kg zinc sulfate, 0.4 g/kg potassium iodate, and 0.06 g/kg sodium selenite). The chemical composition of silage and concentrate is displayed in Table 1 and the composition of the diets is shown in Table 2 .
Experimental Animal Characteristics, Animal Management, and Data Collection
The management and care of animals was performed in accordance with the guidelines and recommendations of the Committee of Ethics on Animal Studies at the UFV, MG, Brazil. Two experiments were conducted simultaneously. In the first experiment, 10 crossbred intact Holstein-Zebu bulls with an average initial weight of 272 ± 86 kg that were surgically rumen and abomasum fistulated were used. The animals were distributed into two 5 × 5 Latin squares to evaluate nutrient intake, digestibility, ruminal parameters, and efficiency of nitrogen usage (Exp. 1). Bulls were housed in individual 10-m 2 pens with feeders and water troughs. The young bulls were fed twice daily at 0800 and 1530 h, allowing for a maximum of 10% orts. There were 5 experimental periods, each lasting for 18 d: 10 d for adaptation to diet and 8 d for data collection. During the data collection phase, abomasal digesta and feces samples were collected over 6 d, feed and orts samples for determining total and partial digestibility were collected on 2 d, and ruminal fluid for determining pH and ammonia nitrogen (NH 3 -N) was collected in a single day.
Daily samples of feed and orts were collected on d 11 to 16 of the experimental period, placed in prelabeled plastic bags, and stored in a freezer at -15°C. To determine fecal excretion and abomasal DM flow, Cr 2 O 3 was administered in a single daily dose of 15 g via the ruminal fistula at 1100 h on d 4 to 15 of the experimental period.
Samples of feces and abomasal digesta were collected every 26 h starting at 0800 h on d 11 to 16 of the experimental period. Fecal samples were collected directly from the rectum, stored in plastic bags, and refrigerated. Approximately 500 mL of abomasal digesta were collected concurrently with the fecal samples and stored in a similar manner. Collection of ruminal fluid samples for pH measurements and NH 3 -N analysis was performed before the morning feeding and at 2, 4, and 6 h after the feeding on d 17 of the experimental period. To determine ruminal pH, 50 mL of ruminal fluid was collected, and the pH was measured immediately after collection using a digital pH meter. Following the pH measurement, 1 mL of 1:1 H 2 SO 4 was added to the sample, and the sample was stored in a freezer at -18°C for subsequent analysis of ruminal NH 3 -N concentration.
Urine for determining nitrogen excretion was collected on the d 18 of the experimental period 4 h after the morning feed using plastic containers. After collection, 1 mL of sulfuric acid (50%) was added to 50 mL urine, and in a separate container, 40 mL of 0.036 N sulfuric acid was added to 10 mL of urine (Valadares et al., 1999) . The pH of these samples was adjusted to below 3.0 to prevent bacterial destruction of purine derivatives, and the samples were labeled and stored in a freezer for subsequent analyses of urea, total nitrogen, creatinine, uric acid, and allantoin. Blood samples were collected following the urine sampling using vacuum tubes containing a coagulation accelerator gel (BD Vacutainer SST II Advance; Becton, Dickinson and Company, São Paulo, Brazil). The samples were immediately centrifuged, and the plasma was frozen for subsequent determination of plasma urea nitrogen (PUN).
In the Exp. 2, 40 Nellore bulls with an average BW of 386 ± 30 kg were used in a completely randomized design. Initial live weight of the bulls was used as a covariate parameter to assess intake and initial BW was used as a criterion for the distribution of the animals among the treatments groups (Exp. 2). Bulls were kept in individual stalls of approximately 10 m 2 in size that were fitted with feeders and water troughs. Control of endoand ectoparasites was performed at the beginning of the experiment, using an Ivermectin (Bayer, São Paulo, Brazil) injection administered subcutaneously at the rate of 1 mL/50 kg BW to deliver the recommended dosage of 200 μg/kg BW. Following the 15 d adaptation to facilities and handling, bulls were weighed after fasting for 16 h at the beginning and end (d 84) of the experiment. They were also weighed every 28 d without fasting. The entire experiment was conducted over 84 d, and including the adjustment period, the experimental duration was 99 d.
Bulls were fed twice daily at 0800 and 1530 h, allowing for 10% orts. During the trial, samples of feed and orts were collected daily, and a composite sample was made that was packed in prelabeled plastic bags and stored in a freezer at -18°C. The composite samples were obtained by collecting weekly 30 g of dry sample from each animal, for a total of 120 g at the end of 28 d period. Ultrasound images of the loin eye area (LEA) and subcutaneous fat thickness (SFT) were obtained from the 12th and 13th ribs around the longissimus dorsi muscle. These images were obtained at the beginning and at end of the experiment. The ultrasound images were recorded using a device equipped with a 17.2 cm linear transducer at 3.5 MHz frequency coupled to an acoustic standoff (model SSD 500; Aloka, Campinas, Brazil). Vegetable oil was used to ensure acoustic contact between the linear probe and animal body. Each animal was fasted for 16 h before slaughter. After slaughter, carcass yield was obtained by dividing HCW by final BW.
Laboratory Analysis
The samples of feed, orts, feces, and abomasal digesta were predried at 60°C for 72 h, ground in a Wiley mill (model TE-625; Tecnal, Piracicaba, Brazil) with a 1-mm screen, and stored in plastic containers for determination of DM (method 934.01; AOAC, 1990). Organic matter was determined by ash (method 924.05; AOAC, 1990) . Crude protein was obtained by determining total N using the micro-Kjeldhal technique (method 920.87; AOAC, 1990) and using a fixed conversion factor (6.25). Ether extract (EE) was determined gravimetrically after extraction with petroleum ether in a Soxhlet apparatus (method 920.85; AOAC, 1990). The following parameters were also measured: NDF (Mertens, 2002) , ADF (method 973.18; AOAC, 1990) , and sulfuric acid lignin (Robertson and Van Soest, 1981) . The NDF was corrected for ash according to Mertens (2002) and for protein according to Licitra et al. (1996) . Chromium content in the abomasum digesta and feces was determined according to Williams et al. (1962) using atomic absorption spectrophotometry.
Urine and blood samples were analyzed for urea by the enzymatic-colorimetric method (Urea CE; Labtest Diagnóstica, Lagoa Santa, Minas Gerais, Brazil). Uric acid in the urine was also determined (Uric acid; Labtest Diagnóstica). For the analysis of urinary creatinine, the Picrate Alkaline method (Creatinine; Labtest Diagnóstica) was used. Purine derivatives (allantoin and uric acid) were analyzed by the colorimetric method according to Fujihara et al. (1987) as described by Chen and Gomes (1992) . Daily urine volume was calculated using the relationship with daily creatinine excretion, as proposed by Barbosa et al. (2006) . The daily urinary excretion of nitrogenous compounds was calculated by multiplying the concentration of nitrogenous compounds in the spot samples with the estimated urine volume. Total excretion of purine derivatives was calculated as the sum of allantoin and uric acid excreted in the urine, expressed in millimoles per day. Absorbed purines (Y; mmol/d) were calculated from excretion of purine derivatives (X; mmol/d) using the equation Y = (X -0.3 × BW 0.75 )/0.8, in which 0.80 is the proportion of absorbed purines recovered as urinary purine derivatives and 0.30 × BW 0.75 is the endogenous contribution to the excretion of purines (Barbosa et al., 2011) .
Statistical Analysis
All data were analyzed using the MIXED procedure in SAS (version 9.1; SAS Inst. Inc., Cary, NC). In Exp. 1, the level of substitution of CS by ES was considered a fixed effect, and animal and period were considered random effects. Comparisons between levels of substitution followed the orthogonal decomposition of the sum of squares associated with the sources of variation in linear, quadratic, cubic, and quartic effects and were conducted using PROC MIXED of SAS. Homogeneity of variances among treatments was assumed, and degrees of freedom were estimated using the Kenward-Roger method. The regression models were adjusted according to the significance of the parameters β1, β2, β3, and β4 using the method of restricted maximum likelihood in PROC MIXED, and their estimates were obtained using PROC REG in SAS. To evaluate pH and ruminal ammonia nitrogen in Exp. 1, the fixed effects were level of ES substitution for CS, time of collection (T) and the interaction between these variables (the effect of level of ES substitution for CS × T). A method of time repeated measures was used (Littell et al., 1998) , and the collection times (0, 2, 4, and 6 h after feeding) were repeated within each experimental unit (animal × period). To obtain the linear, quadratic, and cubic relationships relative to the time of pH and ruminal ammonia nitrogen collection, the procedures described above were used. For Exp. 2, initial live weight was used as a covariate in the statistical model using PROC MIXED in SAS. All statistical procedures were performed with 0.05 as the critical probability level for type I error.
RESULTS
Experiment 1
An increasing proportion of dietary ES was associated with a linear decrease in dietary TDN (Table 3) . Apparent ruminal digestibility of CP and apparent intestinal digestibility of nonfibrous carbohydrates (NFC) increased with the addition of ES to the diet (P < 0.05). Intestinal digestibility of DM exhibited a quadratic response (P < 0.05).
The addition of ES did not affect nitrogen balance, excretion of urinary urea, or PUN (P > 0.05; Table 4 ). Ruminal pH was not affected by increasing levels of ES in the diet (P > 0.05). However, ruminal pH was affected (P < 0.05) by collection time, and these data fit a cubic model. Average pH was 6.45 ± 0.054. There was an interaction (P < 0.05) between treatment and collection time for ruminal concentrations of NH 3 -N. Further analysis of the interaction (Fig. 1) showed that at the 0-h time point in the experiment, the level of substitution of CS by ES had a cubic effect (P = 0.0255): Y = 0.00004x 3 -0.0061x 2 + 0.2632x + 6.294, R 2 = 0.1156. At the 2-h time point, the effect was linear (P = 0.0322): Y = 0.0426x + 11.796, R 2 = 0.0924, and at the 4-h time point, the effect was quartic (P = 0.0126): Y = 0.000002x 4 -0.0005x 3 + 0.0329x 2 -0.7133x + 11.959, R 2 = 0.2334. At the 6-h time point, no difference between treatments (P > 0.05) was found.
Experiment 2
As shown in Table 5 , there was a linear increase in CP intake (P < 0.05), expressed in kilograms per day, as the level of ES increased in the diet. Other variables related to nutrient intake were not affected (P > 0.05) by increasing levels of ES, except for EE, which decreased linearly. Likewise, the addition of ES did not have an effect on animal performance (P > 0.05; Table 6), with the cattle having an ADG of 1.25 kg/d and an average carcass yield of 55.6%.
DISCUSSION
Increased dietary CP intake by bulls fed with diets containing greater levels of ES was expected, even if all bulls had similar DM intakes, because ES has greater CP concentrations than CS. Additionally, increasing the level of ES substitution of CS did not alter the digestibility of dietary components in the treatments. Furthermore, there was no difference in the intake of most nutrients, implying that ES has same total digestibility as CS, possibly due to the similar nutritional value of the 2 types of silage. According to Waldo (1986) , when 2 forage crops (a legume and a grass) have the same digestibility, greater intake occurs with the legume because of the lower volume (in units of DM intake) that the legume silage occupies in the gastrointestinal tract. However, this result was not observed in this study.
Because the animals fed a greater proportion of ES in the diet had greater CP intake, a greater level of microbial activity and consequently greater digestibility of CP was expected, but this result was not observed. Nadeau et al. (2000) reported that highly digestible silage types were associated with high intake. Additionally, improved digestion of nutrients could also be due to changes in the physical and chemical structure of the plant fibers, which could result in better utilization of nutrients and energy, a greater percentage of digestion, and increased intake (Kung and Muck, 1997) . In this study, the percent ADF of ES was greater than that of CS. However, the total apparent digestibility of DM was not different between the 2 forage types, in contrast to reports by Van Soest (1994) , which showed that high levels of ADF in forage crops were associated with lower digestibility. Additionally, although ES has greater levels of lignin than CS, the ruminal fill effect due to leguminous fiber was apparently lower than that of grasses because legume particles are generally more susceptible to digestion and have a lower ruminal retention time (Waghorn et al., 1989) .
Because TDN is calculated based on digestible nutrients, it approximates energy availability for an animal. Therefore, the exclusive CS diet treatment was associated with greater nutrient concentrations and superior digestibility. Intake of EE was greater for bulls that consumed CS exclusively compared with the animals fed ES-rich diets. Given that the calculation of TDN takes into consideration that EE contributes 2.25 times more energy than carbohydrate, CS had a greater TDN than CS. The diets of bulls receiving only CS roughage had an average TDN content of 624.1 g/kg. In diets that contained ES exclusively as the roughage ingredient, there was a decrease of approximately 6.71% average TDN content. This result is similar to the results for NDF, in which increased levels of dietary NDF resulted in linear decreases in TDN.
Ruminal digestibility is the product of retention time in the rumen and feed degradation characteristics. Larger fragments of food remain in the rumen until they are reduced to a size that can be passed. Therefore, 1 NB = nitrogen balance; UUN = urine urea nitrogen; PUN = plasma urea nitrogen.
2 P-value for effects: Lin = linear; Q = quadratic; Cub = cubic; Qt = quartic. larger dietary fragments remain in the rumen longer than smaller fragments and reduce total digestibility. Positive ruminal digestion coefficients for CP indicate possible ammonia absorption in the rumen. This result suggests that the diets contained excess rumen degradable protein in relation to the available energy.
Following this reasoning, it is possible that the ES diet had a high availability of nitrogen compounds and low energy availability. Therefore, it is possible that as ES inclusion levels increased nitrogen compounds were increasingly wasted in the rumen. The increasing levels of urea associated with the experimental diets that contained greater levels of CS could possibly make the ruminal environment more favorable for ruminal bacteria to efficiently utilize both the NPN and rapidly available protein fraction. The negative apparent ruminal digestion coefficients for EE observed in all treatments may be due to microbial lipid synthesis in the rumen, which delivered more lipids to the abomasum than the amount ingested (Dias et al., 2000) .
Ruminal pH was not affected by level of dietary ES inclusion and remained within the range of levels considered appropriate for fibrolytic microbial activity (Mould et al., 1983) . Ruminal pH values below 6.2 can compromise the rate of digestion and increase the lag time for cell wall degradation (Van Soest, 1994) . However, Hoover (1986) proposed that only pH values lower than 5.0 to 5.5 would inhibit the growth of cellulolytic microorganisms. Nevertheless, ruminal NDF corrected for ash and protein digestibility had a mean value of 864.3 g/kg and was not affected by increasing levels of ES, indicating that the growth of cellulolytic microorganisms was not inhibited and that pH did not affect fiber degradation for any of the diet treatments.
Increasing levels of ES had a varying effect on the concentration of NH 3 -N, depending on time of collection. Greater concentrations of NH 3 -N were observed at the 2-h time point after feeding than at the other collection times. There was also a linear increase in ruminal NH 3 -N concentrations that correlated with ES inclusion levels, most likely due to a greater level of nitrogen compounds being metabolized in the rumen and the slight excess in nitrogen compared to the CS diet. This result is consistent with the previously discussed explanation that increasing levels of urea from greater dietary levels of CS may provide a ruminal environment that is more favorable for ruminal bacteria. Together with the levels of starch in CS, this favors CP digestibility. 2 P-value for effects: Lin = linear; Q = quadratic; Cub = cubic; Qt = quartic. We expected greater PUN in bulls fed CS diets due to the greater levels of urea in these diets. However, this result was not observed. It is possible that the CS provided a better balance between protein and energy because of the presence of starch in the corn kernels. The NFC levels were greater in ES than CS. This would not favor efficient use of the additional nitrogen-based components in the ES diet, which has been shown to provide greater intake of CP. Urea excretion followed the same pattern as PUN, confirming the assertion by Harmeyer and Martens (1980) that the amount of urea excreted in urine is mainly influenced by its concentration in blood plasma.
Because of the similarity in DMI between the diets, the performance of young bulls was not affected by increases in dietary ES. The bulls from all dietary treatments showed similar BW at the end of the experiment. Likewise, feed conversion was not affected by increasing dietary ES content. Because there were no differences in performance for bulls with similar slaughter weights, the inclusion of ES did not affect LEA. This average value was lower than the 50.83 cm 2 value obtained by Kazama et al. (2008) when using different energy sources for finishing Nellore × Angus crossbred heifers in confinement.
Thickness of subcutaneous fat of the carcass is an important metric because subcutaneous fat forms a protective barrier on meat that prevents weight loss during cooling, thereby improving the quality of the final product. Carcasses with a greater SFT are less likely to exhibit meat hardening and reduced juiciness, which are characteristics with low commercial value. Based on the productive performance and nutritional results observed in this study, it was concluded that ES silage at a proportion of 50% of total DM in the diet can be used as a forage source in cattle diets during the growth and finishing phases. The ES should be considered a promising dietary alternative for meat production that does not compromise animal performance. In light of this knowledge, the use of ES as an alternative source of roughage will depend on availability and economic factors.
